Abnormalities of the short arm of chromosome 12 are nonrandom events in T cell prolymphocytic leukemia (T-PLL). Fluorescence in situ hybridization (FISH) studies were performed in three patients with T-PLL and one patient with T cell peripheral lymphoma and rearrangement of 12p. Whereas the rearrangements of 12p were different in the four patients, a breakpoint centromeric to the ETV6 gene was present in the three T-PLL patients. In addition, loss of heterozygosity for a chromosomal segment telomeric to ETV6 with loss of the RAD52 locus was also shown by FISH studies. In contrast, the breakpoint was telomeric to ETV6 in the patient with peripheral lymphoma.
Introduction
Prolymphocytic leukemia (PLL) was initially isolated by Galton et al 1 from the chronic lymphocytic leukemia group, on the basis of morphological criteria. Characteristics of T-PLL were subsequently described 2 and were shown not to occur infrequently in the course of ataxia telangiectasia. 3 The occurrence of PLL in the evolution of ataxia telangiectasia patients has directed focus on chromosome 14 abnormalities. 4 More recently, the question of the relationship between Sézary cell leukemia and T-PLL has been addressed. 5, 6 Among the various chromosomal abnormalities described in T-PLL, rearrangements of chromosomes 14, 8, 6 , 11 and X occurred most frequently 7 and association of several anomalies in the same patient often resulted in complex karyotypes.
Since then, in a systematic study of chromosomal abnormalities PLL patients, it appeared that another chromosomal region, the short arm of chromosome 12, could also be nonrandomly involved in T-PLL. This prompted us to use fluorescence in situ hybridization (FISH) techniques in an effort to define more precisely those 12p regions involved in these abnormalities. We present the FISH data reporting 12p in three patients with T-PLL.
Materials and methods

Patients
The diagnosis of PLL was carried out on morphological criteria in three patients. For comparison, another patient with peripheral T cell lymphoma and 12 abnormality was included in the study. Immunophenotypic studies confirmed the T cell origin of the malignant lymphoid proliferations (Table 1) .
Cytogenetics
Cytogenetic studies were performed after 72 h on in vitro blood cell cultures without mitogen and with TPA. RHG banding techniques were applied and the karyotypes classified according to the International nomenclature.
FISH studies FISH studies were performed according to our current techniques. 8 The probes used were the following: whole chromosome 2, 4, and 12-specific painting probes (probes in INSERM U301 laboratory), YACs 936E2 covering the ETV6/TEL locus and 922C8 covering the RAD 52 locus (CEPH, Paris, France), and chromosome 12 centromeric-specific probe (Appligene Oncor, Illkirch, France). The cosmid probes D12S983 and 152H1 (corresponding to the FGF6 gene) (P Marynen, Leuven, Belgium) were used to label the short arm of chromosome 12. A chromosome X-specific whole painting probe prepared in the laboratory was also used.
Results
Banded chromosome studies
Abnormal karyotypes were found in the three patients with PLL, after short-term cultures in the presence of mitogens ( Table 2 ). The three patients with PLL exhibited chromosome 14 rearrangements, inv(14)(q11q32) in patients 1 and 3, and t(14;14)(q32;q11) in patient 2. In addition, patients 1 and 3 had i(8)(q10). Chromosome 12 abnormalities were detected in two patients: add(12)(p12) in patient 2 and apparent loss of one 12 in patient 3.
FISH studies Patient A:
A subtelomeric marker chromosome larger than chromosome 1 was present on banded metaphases. Whole chromosome 12-specific painting probe showed that the distal part of the long arm of this mar originated from chromosome 12 while the upper part was not marked by a chromosome 4-specific painting probe as it could be predicted from the banding pattern ( Figure 1a) . The presence of an isochromosome 4 was confirmed by FISH with this probe. FISH with chromosome 12 centromeric probe, YACs 936E2 and 922C8 showed a normal labeling of the normal copy of chromosome 12. A hybridization signal was found on the marker with alphoid probe, and no signal was seen with the two YACs. From these results, it was concluded that the breakpoint on the chromosome 12 part of the marker was located within the centromere and the ETV6 locus. Furthermore, the ETV6 and RAD52 loci appeared to be lost in the chromosome 12 included in the marker chromosome and not translocated on to another chromosome.
Patient B:
A submetacentric add(12)(p13) chromosome with the size of a chromosome 3 was marked on its short arm by the chromosome 12-specific painting probe, but hybridization with the YAC 936E2 probe showed a signal on the telomeric part of the long arm of this chromosome (Figure 1b) . In addition, the centromeric probe hybridized with the centromeric region of the rearranged chromosome (as well as the normal 12), but the YAC 922C8 probe did not give any signal on the rearranged chromosome. Thus, the chromosome add(12)(p12) corresponded to a complex rearrangement consisting of the insertion of a chromosomal segment with unknown origin within the short arm of chromosome 12 between the centromere and the ETV6 locus, and with loss of the RAD52 locus. Also, in this patient, a breakpoint on 12p appeared to be located between the centromere and the ETV6 locus. Finally, chromosome X painting showed that the apparently deleted part of X was translocated on to a marker chromosome.
Patient C:
The distal part of the short arm of the longest marker chromosome, designated mar1, was formed by chromosome 12 material including 12q, 12 centromeric region, and the ETV6 locus while the RAD52 locus was absent, as shown by FISH with painting and alphoid probes on the one hand, and YACs 936E2 and 922C8 probes on the other hand (Figure 1c ). Separated by a short chromosome segment with unknown origin, the long arm of this marker hybridized with the whole chromosome 2 painting probe, and the distal part of this arm was not labeled. Thus, this marker was comprised in the following order of a chromosome 12 fragment, a fragment of unknown origin, a chromosome 2, and a fragment of unknown origin. The marker chromosome referred to as mar2 was formed by a part of 12p and 12q including centromere of No. 12, with loss of the ETV6 and RAD52 signals, at its long arm distal part by chromosome fragments not labeled from unknown origin, and a chromosome 2 segment at its short arm (Figure 1d) . It was concluded that, in mar2, a breakpoint was located between the chromosome 12 centromere and the ETV6 locus. In mar3, the breakpoint was also between the centromere and the ETV6 locus on 12p (Figure 1e ).
Patient D:
Hybridization with the YAC 936E2 showed that the breakpoint was distal to the ETV6 locus in t(10;12). The cosmids D12S983 and 152H1 (FGF6) and YAC 922C8 (RAD52) were translocated on to the rearranged chromosome 10.
Discussion
Chromosome abnormalities of T cell PLL are frequently complex.
7,9-14 Chromosomes 14, 8, 6, 11 and X are among the most frequently involved, particularly rearrangements of bands 14q11 and 14q32, isochromosome 8q, 6q and 11q abnormalities, and t(X;14)(q28;q11). In view of the current data, rearrangements of chromosome 12p 7, 10 should now be added to the list of the abnormalities associated with T-PLL. By performing FISH studies on 12p in three patients with T-PLL, rearrangements were detected including markers in two patients (A and C). While these rearrangements were complex and different for each of the three patients, they had as a common feature the occurrence of a chromosomal breakpoint located between the centromere and ETV6 locus, without indication, at the FISH level, of loss of the other ETV6 allele on the apparently normal 12. In contrast, in the three patients with T-PLL, loss of one hybridization signal corresponding to the RAD52 locus was observed. The human RAD52 gene, homolog of the yeast RAD52 gene cDNA has recently been identified. In yeast, the RAD52 protein is implicated in DNA damage repair, and meiotic and mitotic recombinations. 15 Although few data on the function of RAD52 in human cells are presently available, loss of a RAD52 copy is likely to have important consequences in malignancy. Interestingly, the hybridization pattern of patient D with peripheral malignant T lymphoma did not reveal the same feature common to the T-PLL patients as a t(10:12) was found with the breakpoint telomeric to the ETV6 locus and the two RAD52 loci were present.
In summary, two types of recurrent chromosomal abnormalities have been characterized in T-PLL. Some structural rearrangements involving chromosome 14, namely inv(14)(q11q32), t(14;14)(q11;q32) and t(X;14)(q28;q11), result in illegitimate fusions of chromosomal regions now well identified such as TCR␣/␦, TCL1, and MTCP1/c6.1b. [16] [17] [18] [19] [20] In other rearrangements, loss of heterozygosity suggests mechanisms more closely related to tumor suppressor genes. In this respect, loss of the short arm of chromosome 8 resulting from isochromosome 8q, and partial deletion of 11q involving the ATM gene 21, 22 are nonrandom events in T-PLL. Complex rearrangements of 12p now deserve to be more precisely investigated since loss of heterozygosity is frequent on 12p in hematopoietic malignancies, and loss of a fragment of 12p including the RAD52 locus was detected in the present study, opening the way for others to study the status of RAD52 in T-PLL.
